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Zusammenfassung
Die medikamentöse Therapie des primären Mammakar-
zinoms basiert auf der endokrinen Therapie, der zytoto-
xischen Chemotherapie und molekularen, zielgerichteten 
Therapien. Hierbei bestehen nach wie vor zwei große 
Probleme: eine inakzeptable Übertherapie von Patientin-
nen, die auch ohne adjuvante Systemtherapie keinen 
Krankheitsrückfall erleiden sowie das Therapieversagen 
bei Patientinnen, deren Krankheit trotz Therapie wieder-
kehrt. Diese Missstände können nur durch die Identifika-
tion neuer und besserer prognostischer und prädiktiver 
Faktoren überwunden werden. Derzeit erfolgt die The-
rapiestratifizierung anhand einer überschaubaren Zahl 
etablierter Faktoren, nämlich lokoregionale Tumoraus-
breitung, Alter, Tumorgrad, Hormonrezeptor- und HER2-
Expression sowie Ki-67. Molekulare Profile und Signatu-
ren habe jedoch in den letzten Jahren unser Verständnis 
des Mammakarzinoms als heterogene Erkrankung revo-
lutioniert. In Zukunft werden die Ergebnisse der umfas-
senden genomischen Charakterisierung der Erkrankung 
im Rahmen der internationalen Krebsgenom-Projekte 
(Cancer Genome Projects) helfen, weitere therapeutische 
Ansätze und Ziele zu definieren und zur Verwirklichung 
einer maßgeschneiderten, personalisierten Therapie bei-
tragen. Die Bemühungen, den Traum einer personalisier-
ten Therapie zu verwirklichen, schließen die Entwicklung 
neuer Medikamente auf der Basis biologischer Erkennt-
nisse sowie das intelligente Studiendesign für immer 
kleiner werdende Subgruppen mit genau definierten 
 Tumorcharakteristika ein. Dies kann nur durch eine 
starke Kooperation zwischen Grundlagenwissenschaft-
lern, translationalen Forschern und Klinikern sowie zwi-
schen akademischer Forschung und Industrie gelingen.
Keywords
Personalized therapy · Beast cancer · Intrinsic molecular 
subtypes · Multigene signatures · HER2 · Cancer genome 
projects · Prognostic factors · Predictive factors
Summary
Systemic treatment of non-metastatic breast cancer is 
based on endocrine therapy, cytotoxic chemotherapy, 
and molecular targeted therapy – with the major prob-
lems of immense overtreatment of patients who would 
not relapse without systemic therapy and the failure of 
treatment in others whose disease still recurs. These def-
icits can only be overcome by the identification of new 
and better prognostic and predictive markers. Currently, 
adjuvant treatment stratification is based on a limited 
number of established factors, namely locoregional 
tumour stage, age, grade, expression of hormone recep-
tors, HER2, and Ki-67. Molecular profiling techniques, 
however, have revolutionized our understanding of 
breast cancer as a heterogeneous disease. Future results 
from even more comprehensive genetic analyses as part 
of the coordinated cancer genome projects will help to 
develop better treatment stratifications and new thera-
peutic approaches. Efforts to realize the dream of a per-
sonalized treatment for breast cancer will include drug 
development and intelligent design of trials for increas-
ingly small subgroups of patients with specific host and 
disease characteristics. This will only be made possible 
by a strong cooperation between basic researchers and 








node involvement, and lymphovascular invasion, as well as
thepatient’s age also greatly influenceprognosis.Basedon
these factors, it is possible to roughly estimate the 10-year
overallsurvivalanddisease-freesurvivalbyusingcomputer-
izedalgorithmssuchasAdjuvant!Online(www.adjuvanton-
line.com).Adjuvant!Online,however, is limitedby the fact











tivemarkerallowed thedemonstrationof a substantial sur-
vival benefit for the addition of trastuzumab to adjuvant
chemotherapy. Besides the monoclonal antibody trastuzu-
mab,furtherHER2-targeteddrugs–namelytyrosinekinase
inhibitors (TKIs) and other monoclonal antibodies – have




tuzumab failure and can enhance efficacy of trastuzumab
alone [2–6].FurtherHER2-targetedagents suchaspertuzu-





allmechanisms of resistance in all patients and thereby in-
creasing toxicity, but rather the identification of the right
HER2-targetedagentorcombinationofagentsforeachindi-
vidualpatient.Theprerequisite for achieving this goal is to
runcomprehensivebiomarkerprogramstoelucidatethespe-
cificmechanismsofresistanceinagivenpatient.Afterwards,
biomarkerdriven trials areneeded toprospectivelyaddress
theseresistancemechanismswithanevergrowinglistofnew
targeted agents showing significant activity in trastuzumab-
resistanttumourssuchasmTORinhibitors,PI3Kinhibitors,
and furtherHER2-targeted agents. The art of personalized
medicine will be to select the right treatment for the right








not relapse even without adjuvant treatment; and ii) the
failure of therapy in patients who relapse despite adjuvant
treatment.Theonlyway toovercome theseproblems is the
identification of new and better prognostic and predictive
markers.
The Need for Reliable Prognostic and Predictive Markers
Aclinicallyusefulprognosticmarkerwillaccuratelyseparate
patients athigh risk from thoseat a very low riskof recur-
rence.Asprognosis isdrivenbytumourbiologyandlocore-
gional stage, most patients with newly diagnosed breast






absolute survival benefit in this group is, however, small.
Furthermore,therapy-specificpredictivefactorsareurgently
needed tominimize treatment failure. For patientswith no
availableeffectivetreatment,newdrugshavetobedeveloped
onarationalbasis.Giventhehugeamountoftargeteddrugs
















Established Predictive and Prognostic Markers
Therapystratification today isbasedonashort listofprog-
nostic andpredictivemarkers.The relapse risk isdrivenby







nohistological markers and that the overlap is not perfect.
Thebasal-like subgroup ismainly comprisedof triple-nega-





according to their mRNA expression profiles, and this ap-




nal B, HER2-enriched, and basal-like tumours have a dis-
tinctly poorer prognosis which warrants chemotherapy. In




riched, andbasal-like subtypes amount to 18, 41, and 59%,
respectively[10,13].TheachievementofpCRisacceptedas
oneofthestrongestprognosticfactorsfollowingtheneoadju-





Gene Signatures and Molecular Subtypes
Molecularprofiling technologieshave greatly advancedour
understanding of breast cancer as a heterogeneous disease.
About 10 years ago, Perou et al. [8] have defined 4major
intrinsic molecular subtypes by microarray-based mRNA
expression profiling named luminal A, luminal B, HER2-
enriched,andbasal-like.Afurthersubtypecallednormal-like
breastcancerisnowthoughttobemainlycausedbycontami-
nationwith normal breast tissue.As these subtypes signifi-
cantlydifferinincidence,survival,andresponsetotherapy[9,
10], the terms luminal A and B, basal-like, etc. have been
adopted into clinicalpractice.However,molecularprofiling




and Ki-67 (table 1) [11]. These surrogate definitions have










positive tumours with either a higher proliferation rate or
overexpression of HER2. Most of the HER2-enriched tu-


































Ongoing Efforts of Further Subclassification
Recently, a new intrinsic subtype, called ‘claudin-low’, has
bee described. This subtype shares several gene expression










In addition, further subclassificationwill help to identify






therapeutic target.Thishasalready led to theevaluationof




the biggest obstacles for a truly personalized approach to














date any of these signatures, yet the first two are currently
beingevaluatedinlargeprospectiverandomizedtrials.
RSisbasedonreversetranscriptionpolymerasechainre-




4 most important immunohistological markers ER, PgR,
HER2,andKi-67areincludedinthispanel,leaving12addi-




of a node-negative, ER-positive breast cancer population
treatedwithtamoxifenonlywithintheNSABP-B14[16].RS
hasbeenretrospectivelyvalidatedin4patientcohortsderived
from large randomized clinical trials (NSABP B14, B20,
ATAC, and SWOG8814), with consistent results [17–19].
Overall,about50%ofpatientsaregroupedintothelow-risk
category (RS <18) and approximately 25% into each the
intermediate (RS18–30)and thehigh-riskgroup (RS>30).
Retrospective analysis of trials comparing endocrine versus
chemoendocrineadjuvanttreatmentshowsasubstantialben-
efitofchemotherapyonlyforthehigh-riskgroup.Thebenefit
for the intermediate group seems limited but a definite
answer warrants validation in a prospective trial. This is
currently being addressed by the TAILORX trial. Patients





whether this multigene assay performs significantly better
than an algorithm based onmodern, quality-controlled pa-
thologyincludingER,PgR,HER2,Ki-67andTNMstage,as
wellasgrade.ArecentreportontheATACtrialcohortdi-






stageandRShas refined thedistant recurrence riskassess-
mentandreducedthenumberofpatientsclassifiedasinter-
mediate risk, but has not enhanced the ability to predict
chemotherapybenefit[21].
TheAS iscomposedofa setof70genesanddividespa-




usingAdjuvant!Online showed a discordance rate of 30%
and a superior risk stratification for AS. Currently, AS is
being evaluated in the large randomized MINDACT trial
whichrandomizespatientswhohaveadiscordantriskaccord-










The Cancer Genome Project
Afurtherdimensionofinsightintothebiologyanddiversity
of breast cancer (and other tumours) can hopefully be ex-
pected from the results of the network of cancer genome
projects coordinated by the International Cancer Genome
Consortium [31].Theseprojects aim to generate a compre-
hensivecatalogueofgenomicabnormalitiesconferringonco-




acterize genomic alterations.Apart from the sequencing of
the cancer genomes andmatched germlineDNA to define






centrating on specific subtypes, e.g.ER+,HER2–,HER2+,
andtriple-negativedisease, inorder todevelopnewspecific
therapeuticstrategies.





ing 9 different genes ranging from germline and somatic
mutations, promoter methylation to deletions, and altered
expression.Suchalterationsmightmakethesepatients ideal
candidates for PARP inhibitor therapy which has efficacy,
based on synthetic lethality, restricted to tumours with in-
sufficient homologous recombination.A recent randomized













sifier by detecting common aCGH signatures for BRCA1-
and BRCA2-mutated tumours. Interestingly, these BRCA-
nessclassifier signaturescanalsobedetected in30%ofpa-
tientswithsporadicbreastcancerandarepredictiveforsupe-
rior survival after high-dose chemotherapywith autologous
stem cell transplantation, includinghighdoses of alkylating
agentsandplatinumsalts,whichallegedlyarehighlyactivein
BRCAmutation carriers. Today, there is no role for high-
dose chemotherapy in breast cancer, but these BRCAness
classifiermightbeabletopredictresponsetoPARPinhibitor
therapy in patients beyond BRCAmutation carriers. Thus
far,otherstratificationstrategies,e.g.basedonatriple-nega-
tivephenotype,havefailed,andagoodpredictorforthisclass
of drug is eagerly awaited. Within the framework of this
article,manyimportantaspects,suchastheroleofcirculating
tumour cells and their phenotypic characterization on the
single-celllevel,havebeenomitted;stilltheseaswellasphar-
macogeneticaspects,i.e.thepredictionofdose-limitingtoxici-




Based on the evolving data from comprehensive genomic
characterizationofbreast cancer in theongoingprojects, as
wellastriggeredbyhypothesesgeneratedinpreclinicalmod-
els,specificsubgroupsofpatientshavetobedefinedearlyon
during drug development on the basis of biomarkers and
functionalassays included inclinical trials.Theneoadjuvant
settingistheidealstrategytoadvancebreastcancertherapy
towardspersonalizedmedicine.Neoadjuvant therapyallows
for an in vivo sensitivity testing,makes sequential biopsies
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